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Abstract 
A series of hydroxyl-conducting anion-exchange membranes base on the copolymer of 2-(Diethylamino)ethyl 
methacrylate and fluoro-polyacrylate has  been prepared, and their potential applications in alkaline fuel cells are 
assessed. The anionic conductivity of this kind of membrane can reach 0.0518 S·cm-1 in deionized water at 25℃.An 
open-circuit voltage of 0.71V and a maximum power density of 43.2mW cm-2 of alkaline direct methanol fuel cell at 
65 ℃are obtained. Therefore, this AEMs would have potential for applications in low-temperature fuel cell systems. 
 
©2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Committee of 
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1. Introduction 
     Alkaline anion exchange membrane direct methanol fuel cell (ADMFC), which uses anion exchange 
membrane as polyelectrolytes, has attracted more and more research interests recently[1]. It has numerous 
advantages over proton exchange membrane direct methanol fuel cells, such as: (a) Both methanol 
oxidation and electrode-kinetic of oxygen reduction are enhanced; (b) Methanol crossover can be reduced 
by electro-osmotic; (c) In alkaline medium, platinum-based catalysts are not necessary, non-precious 
metal catalysts can be used. An anion exchange membrane (AEM) is a key components of an ADMFC 
system. An ideal AEM for application in ADMFC should possess long term thermal and chemical 
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stability, high ionic conductivity, good mechanical properties. In order to meet these requirements, a large 
number of AEMs have been developed in recent years such as quaternized poly(phthalazinon ether 
sulfone ketone) (QAPPESK) membranes[2], radiation−grafted poly(ethylene−alt−tetrafluoroethylene) 
(ETFE) and poly(vinylidene uoride) (PVDF) AEMs[3],  hybrid organic−inorganic membrane[4], etc. 
However, low ionic conductivity, poor thermal and chemical stabilities are serious obstacles on the way 
towards commercially applying AEMs to alkaline fuel cells. In this work, A new kind of hydroxyl-
conducting anion-exchange membranes base on the copolymer of 2-(Diethylamino)ethyl methacrylate 
and fluoro-polyacrylate were prepared. The structural and electrochemical properties of the membranes 
have been studied for the application in direct methanol alkaline fuel cell. An open−circuit voltage of 0.7 
V and a maximum power density of 43.2 mW cm−2 were achieved by using the membrane C at 65 °C, 
with 1 M methanol and 1 M NaOH as the anode fuel feed as well as humidified oxygen at the cathode. 
These results suggest that the membranes could provide an attractive alternative for alkaline anion 
exchange membrane fuel cell applications. 
2. Experimental 
 The copolymer was synthesized by free radical polymerization using azobisisobutyronitrile  as radical 
initiator and tetrahydrofuran (THF) as solvent.  Methacrylic acid 2,2,2-trifluoroethyl ester and 2-
(Diethylamino)ethyl methacrylate mixtures and the solvent were put in a three−necked round−bottomed 
flask, equipped with the magnetic stirrer. The reaction was carried out for 12 h at 65 °C under the 
nitrogen atmosphere. Finally, the reaction mixture was allowed to be cooled, precipitated in deionized 
water and isolated by the filtration. The product was rinsed with methanol for several times and then dried 
in a vacuum oven at 60 °C for 24 h. The membrane was prepared by the solution casting method. The 
copolymer was dissolved in THF to form a 5 wt% solution at room temperature. Then, the solution was 
cast on a glass plate and dried in a vacuum oven at 60 °C for 6 h. The dried membranes were soaked in 1 
wt% trimethylamine water solution for 24 h at 25 °C  to introduce quaternary ammonium groups into the 
membranes. Then, the membranes were immersed in 1 mol L−1 NaOH solution overnight to exchange Cl− 
with OH− and then washed with deionized water for several times. Finally, the obtained AEMs were kept 
in deionized water for 48 h before use. 
3. Results and Discussion 
3.1 FT−IR spectrum of the AEM 
 
The chemical structure of the synthesized AEM was investigated by FT−IR spectra analysis, and the 
results are shown in Fig. 1. As can be seen, One strong absorption peak observed at 11755.20cm-1 (C=O, 
stretching vibrations) reveals the presence of alkyl methacrylate groups. The peak at 680 cm−1, found in 
the IR spectra, is assigned to the −CF stretching. The characteristic peaks at 1189 and 3432 cm−1 
represents the stretching vibration of C−N groups. From the obtained FT−IR spectrum, we can clearly 
confirm that the AEM is successfully synthesized. 
3.2. Ionic conductivity  
 
The ionic conductivity of the AEM as a function of the temperature is shown in Figure 2. The ionic 
conductivities of the OH− form membranes varied from 0.016~0.102 S cm−1 in deionized water within the 
temperature rang of 25~95 °C. Membranes exhibited an increment in the ionic conductivity as the  
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temperature increased. The highest conductivity value is 5.18×10−2 S cm−1 at 25 °C, and 0.102 at 95 °C, 
respectively, which is obtained for membrane A.  
 
 
 
Fig. 1.  FT -IR spectra of the synthesized AEM 
 
 
 
Fig. 2. Temperature dependence of ionic conductivity for membranes 
 
3.3 Single fuel cell performance 
 
The single cell performance was operated at 65 °C. It can be seen that the open−circuit potential is 
0.71 V. The high open−circuit potential indicates that the synthesized AEM has effectively suppressed the 
rate of methanol crossover. However, the single cell voltage dropped sharply as the current density 
increased due to the activation polarization. When the power densities were calculated from the 
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voltage−current density data, maximum power densities were obtained . The peak power density of 
ADMFC was about 43.2mW cm−2. 
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Fig. 3.  Polarization and power density curves at 65  of ADMFC℃  
 
4. Conclusions 
Novel anion exchange membranes have been prepared based on the copolymers of methacrylic acid 
2,2,2-trifluoroethyl ester and 2-(Diethylamino)ethyl methacrylate. It is found that the hydroxyl ionic 
conductivity of the synthesized membrane can reach 5.18×10−2 S cm−1 in deionized water at 25 °C. The 
open−circuit potentials of fuel cell with these membranes are almost kept at about 0.71 V, and the 
maximum power density is 43.2 mW cm−2. 
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